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I 
Attempts to modify experimentally the curves relating frequencies 
or velocities of vital processes to temperature give evidence concern- 
ing the nature of temperature characteristics (Crozier,  1924-25).  In 
general these frequencies (F) or speeds are describable in terms of the 
equation F  =  k  exp.  (-  #/RT),  where #  is the "temperature char- 
acteristic."  The  empirically  determined magnitudes of  /z  are  dis- 
tributed in such a way as to indicate (Crozier, 1925-26 b; Stier, 1932- 
33)  that  they exhibit specific significance.  This is  consistent with 
their unitary behavior in inheritance in a  tested case (Pincus,  1930- 
31),  and with their association with particular activities in a  given 
individual organism (cf. Crozier and Stier, 1926-27 b; Stier and Wolf, 
1932-33;  Crozier,  Tang,  and  French,  1933-34;  French,  Kohn, and 
Tang, 1934-35; Crozier, Pincus, and Renshaw, 1934-35).  It is con- 
sequently important to examine the modifiability of # in a number of 
cases.  Two  general possibilities  are  open: either  the  frequency F 
may  be  changed  by  experimental  treatments,  without  altering  #; 
or #  may be changed.  In the latter event two results are possible: 
since homologous vital processes tend to show one of several discrete 
magnitudes of/z, the alteration may be by an abrupt step from one to 
another of these; or #  might be found changed gradually and in an 
indeterminate way.  In the event that the last possibility is realized, 
no evidence concerning the initial significance of # is obtained one way 
or the other, and the situation must be further analyzed.  But in the 
other cases important evidence is had that the interpretation of #  as 
the molecular energy of activity of a specific chemical process (Crozier, 
1924) may be called for. 
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The situation is complicated by the fact that definite critical  tem- 
peratures occur  (Crozier,  1925-26 a)  on either side of which distinct 
values of ~ obtain for a  given activity.  In cases of this sort we may 
expect to find, accepting the theory of specific significance of #, that 
by experimental treatment one or the other value of # may be made to 
prevail over a greater range of temperatures, with consequent shift of 
the critical point.  Essentially this effect has been realized in experi- 
ments  with  preparations  in  progressive  deterioration  (Crozier  and 
Stier, 1924-25; 1926-27 a).  Experiments with the frequency of heart 
beat in Dendronotus under the action of alkaloids (Crozier and Stier; 
to  be  published  shortly)  also  demonstrate  this  (Crozier,  Stier,  and 
Pincus,  1929). 
Indications are not wanting in the literature that treatment with a 
drug may modify the temperature coefficient of a  given activity; but 
these require to be controlled by the demonstration that during the 
observations the activity in question has not also been altering as a 
function of time. 
II 
The isolated cloacal  end of pedate  holothurians such as Mulleria 
(Stichopus),  Holothuria,  Thyone,  exhibits,  in  sea  water,  rhythmic 
pulsation of the cloaca and terminal sphincter for many hours  (Cro- 
zier,  1915;  1916).  From measurements of the frequency of pulsation 
in Mulleria (Stichopus),  g  --  12,200, in Itolothuria captiva,/~  =  20,500, 
in Thyone,  8,500, but in the intact Thyone,/z  =  12,200  (Crozier and 
Stier; to be published).  These magnitudes appear to be of the group 
(including 11,300; 16,200) found for respiratory movements in general 
(cf. Crozier,  1925-26 a; Crozier and Stier,  1924-25). 
Experiments  with  Holothuria  tubulosa  of  the  Mediterranean,  at 
Banyuls,  gave for frequency of pulsation of the isolated cloacal end 
(cloacal sphincter)  data collected in Fig.  1.  Between  10 and 20  °,  /z 
=  20,400 cal.; from 20 to 30  °,/z  =  8,000.  Above 20  ° the  latitude of 
variation  in  frequency  is  markedly  less  than  below.  Within  each 
range, however, the relative variation is independent of temperature 
(cf. Crozier and Federighi,  1924-25 b;  Crozier,  1929; Stier,  1932-33). 
With the isolated cloacal ends deterioration is of course more rapid at 
the higher temperatures,  and one finds  (as  shown in Fig.  1)  that in w.  j.  c~oznm  803 
different cases the maximum frequency of pulsation occurs at 28.5  ° or 
at 25  °, but never beyond 30°; a decrease of frequency beyond the max- 
imum was found to entail incomplete recovery on return to lower tem- 
peratures (omitted from Fig. 1), whereas, over the periods considered, 
the effect of altering the temperature was otherwise found to be corn- 
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FIG.  1.  Relation between  frequency  of pulsation in amputated cloacal ends 
of Hololhuria  tubulosa and temperature,  in sea water.  The plotted points are 
averages of five to ten readings of time for one complete cycle.  The readings for 
one individual  (A)  have been multiplied  by 1.34, for  another (~)  by 1.22 to 
bring them into the field of the others.  Readings in some cases made with rising 
temperatures,  in others with falling.  Constant rates of pulsation in sea water 
at constant temperature for 36 to 48 hours. 
pletely reversible.  The occurrence of maximum frequency between 20 
and 30  ° is determined by the age of the preparation and by the length of 
the isolated cloaca; incomplete cloacas degenerate sooner.  The upper 
critical temperature (30  °) is well above that normal for H. tubulosa  at 
Banyuls; the lower limit for sustained pulsation was 10  °, all movement 804  MODIFICATION  OF  TEMPERATURE  CHARACTERISTICS.  I 
ceasing at 9  °  (although the preparations were reactive to touch); 9  ° 
is the lower limit of sea temperatures prevailing in the habitat.  The 
intermediate critical temperature (20  °) assigned on the basis of Fig. 1 
is that of the environment during summer (19 to 23  °) ; it is interesting 
that in a sense the "normal condition" should be one in which great- 
est variation of pulsation frequency (over a  small range of tempera- 
ture)  is  to  be  encountered  (cf.  Crozier  and  Federighi,  1924-25 a). 
The particular temperatures found to be critical agree with those found 
in many other instances.  The reality of the intermediate one  (20  °  ) 
is attested not only by the change in the slope of the curve (Figs. 1 and 
3), but also by the sharp change in variation of frequency (cf.  Crozier, 
1929, etc.; Stier, 1932-33).  It is obviously futile to attempt to fit the 
whole span of such a series of observations by means of a continuous 
curve (cf. Fig.  3;  and,  Crozier and Stier,  1926-27  b).  The constant 
value of the slope  (Fig.  1) between 10 and 20  ° is independent of the 
actual frequency; in other, less complete, series not shown in Fig.  1 
this was also found for frequencies of different preparations differing 
at  each temperature by as  much as  100  per cent,  and  the relative 
latitude  of variation  is  also  independent of frequency.  The  value 
given # over the upper range of temperatures is checked  by the outcome 
of the experiments subsequently described. 
III 
When the amputated cloacal end of H. tubulosa  is kept in sea water 
of which the NaC1 content has been altered in such a  way that the 
Na/Ca ratio is about doubled, the temperature characteristic curve for 
frequency of pulsation is found to be profoundly modified.  Over the 
whole range (10 to 30  °)/z =  8,000  (Fig. 2).  As a  rule, the logarithmic 
latitude of variation is that typical for the 10 to 20  ° region in sea water; 
in one case a lesser latitude of variation obtained above 20  °, recalling 
that typical in sea water above 20  ° .  This adds to the evidence that in 
a given process the latitude of variation may not be specifically con- 
nected with the temperature characteristic obtaining (cf.  Crozier and 
Stier,  1926-27a).  It cannot be asserted that the change in the curve 
is a  specific property of Na,  but this is  immaterial for the problem 
being examined.  It can be said, however, that no change of this sort 
is induced by slight dilution (to 85 per cent) or by slight concentration 
of the sea water. w.  j.  cgozn~R  805 
It is to be noted that the value of g  with increased NaC1 agrees 
quantitatively with that assigned to the upper segment of the tempera- 
ture curve in sea water (Fig. 1). 
The outcome of the experiment thus agrees with the results of other 
tests, in which amputation of parts has induced change of/z, but change 
to a  new, definite value, rather than alteration by slow progressive 
steps (Crozier and Sfier, 1924-25; 1926-27 a; Wolf, 1927-28). 
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pressure, the temperature curve is altered.  Lines added from Fig.  1. 
individual the readings have been multiplied by 1.38. 
FIG. 2.  In sea water with NaCl content increased, without increase of osmotic 
For one 
IV 
The effect of increasing the NaCI content of the sea water has been 
to alter the temperature characteristic of the frequency of pulsation in 
amputated cloacal ends of//. tubulosa.  In doing this, the frequency at 
higher  temperatures  has  been  lowered,  at  lower  temperatures  in- 
creased, while  within a  certain range of  temperature  the  frequency 806  MODIFICATION  OF  TEMPERATURE  CHARACTERISTICS.  I 
has not been altered (Fig. 3).  It is clear that the change in frequency 
and the change in/z are not necessarily  connected, although it appears 
that the #  =  8,000 process has been brought into the limiting or con- 
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FIG. 3.  VV'hen the temperature characteristic graph for a vital process is altered 
by treatment with a  reagent, mere change of speed or frequency of performance 
may  be  comparatively irrelevant for an  analysis of  the  effect.  The  curves of 
Fig. 2  have here been transferred to a  frequency vs.  temperature grid.  At low 
temperatures  the  frequency  of  pulsation has  been  increased by increasing the 
Na/Ca ratio; at higher temperatures it has been lowered. w.  L  CROZrE~  807 
trolling position.  It may be suggested as an important deduction that 
inquiries of the sort here initiated may provide a  new and necessary 
method for the study of the effects of salts, and indicate a basis for the 
reconciliation  of  otherwise  contradictory findings.  If  the  primary 
effect consists in  a  change of temperature characteristic it may be 
comparatively irrelevant  whether  a  given  activity  is  enhanced  or 
diminished.  This consideration applies with equal force to the treat- 
ment of the effects of alkaloids. 
V 
SUmmARY 
The temperature characteristics for frequency of pulsation in iso- 
lated cloacal ends of Holothuria  tubulosa are/z  =  20,400 from 10 to 
20  °,  8,000  from 20  to  30  °.  The critical temperatures  10  °,  20  °,  30  ° 
are related to thermal conditions in the environment. 
In sea water with doubled NaC1 content/z =  8,000 from 10 to 30  °. 
This  is  consistent  with  the  specific  nature  of  the  temperature 
characteristics. 
The primary effect of increased NaC1 is to alter the temperature 
characteristic curve.  At low temperatures the frequency is increased, 
at  higher  temperatures  diminished.  The effect upon  frequency is 
thus  of less  significance.  It  is  pointed out  that  such  relationships 
must be taken into account in analyzing the action of reagents upon 
organisms. 
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